Callus was induced from mangosteen (Garcinia mangostana L.) young purple-red leaves on Murashige and Skoog basal medium with various combinations of plant growth regulators. Murashige and Skoog medium with 4.44 µM 6-benzylaminopurine and 4.52 µM 2,4-dichlorophenoxyacetic acid was the best for friable callus induction. This friable callus was used for the initiation of cell suspension culture. The effects of different combinations of 6-benzylaminopurine and 2,4-dichlorophenoxyacetic acid, carbon sources and inoculum sizes were tested. It was found that combination of 2.22 µM 6-benzylaminopurine + 2.26 µM 2,4-dichlorophenoxyacetic acid, glucose (30 g/l) and 1.5 g/50 ml inoculum size was the best for cell growth. Callus and cell suspension cultures were then treated either with 100 µM methyl jasmonate as an elicitor for 5 days, or 0.5 g/l casein hydrolysate as an organic supplement for 7 days. Metabolites were then extracted and profiled using liquid chromatography-time of flight mass spectrometry. Multivariate discriminant analyses revealed significant metabolite differences (P ≤ 0.05) for callus and suspension cells treated either with methyl jasmonate or casein hydrolysate. Based on MS/MS data, methyl jasmonate stimulated the production of an alkaloid (thalsimine) and fatty acid (phosphatidyl ethanolamine) in suspension cells while in callus, an alkaloid (thiacremonone) and glucosinolate (7-methylthioheptanaldoxime) was produced. Meanwhile casein hydrolysate stimulated the production of alkaloids such as 3ß,6ß-dihydroxynortropane and cis-hinokiresinol and triterpenoids such as schidigerasaponin and talinumoside in suspension cells. This study provides evidence on the potential of secondary metabolite production from in vitro culture of mangosteen.
Introduction
Mangosteen (Garcinia mangostana L.) belongs to the Clusiaceae family. The pericarp of the fruit is particularly known to contain secondary metabolites such as xanthone (Shan and Zhang 2010) , anthocyanins (Zarena and Udaya Sankar 2012) , proanthocyanidins (Fu et al. 2007 ) and phenolic acids (Zadernowski et al. 2009 ). These metabolites contribute to the anti-inflammatory, anti-bacterial, anti-tumor and anti-oxidative properties reported (Pedraza-Chaverri et al. 2008) . Hence, there is a high demand for mangosteen fruit not only due to its delicious taste but also due to its medicinal and pharmaceutical values. Mangosteen, however, takes approximately 8-10 years to mature and it produces fruits once or twice a year (Te-Chato and Lim 1999) , causing limitation in getting the secondary metabolites throughout the year. For these reasons, in vitro culture would undoubtedly provide an alternative approach for the production of these metabolites from mangosteen.
Plant cell, tissue and organ culture technology has been shown to be a successful alternative to the whole plant system for producing commercially important natural products (Smetanska 2008) , from callus and cell suspension culture such as terpenoid (Misra et al. 2014) , triterpene (Han et al. 2014) , flavonoid (Wang et al. 2015) and phenylpropanoid (Kamalipourazad et al. 2016) . Callus induction for plantlet production from young leaves of mangosteen was previously reported by Te-Chato and Lim (2000) and Maadon et al. (2016) . However, there is no report on the establishment of cell suspension culture for production of secondary metabolites for mangosteen.
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The application of elicitors and organic supplements to the cells has been shown to enhance the production of secondary metabolites. Methyl jasmonate (MeJA) is one of the widely used elicitors for stimulating secondary metabolite production in plant cell culture. MeJA has been reported to induce the accumulation of terpenoids in sweet basil (Ocimum basilicum) (Misra et al. 2014) , flavonoids in St. John's wort (Hypericum perforatum) (Wang et al. 2015) and alkaloids in Indian pennywort (Centella asiatica) (Rao and Usha 2015) . In contrast, casein hydrolysate (CH) being an organic supplement to culture medium could enhance the yield of desired secondary metabolites such as phenolic compounds and anthocyanin in grapevine (Cetin and Baydar 2014) and sennosides in senna (Cassia angustifolia) (Chetri et al. 2016) . Production of metabolites of mangosteen through in vitro culture using an elicitor or an organic supplement, however, has not been researched. Therefore, the establishment of in vitro protocols of mangosteen for secondary metabolite production would be of great potential for commercial and research applications. Hence, the aim of this work was to establish callus and cell suspension cultures of mangosteen and to investigate the effects of MeJA and CH on the production of secondary metabolites from both types of cultures.
Materials and methods

Preparation of plant material and establishment of callus culture
Young purple-red leaves of mangosteen (Garcinia mangostana L.) from 6-month-old seedlings grown in the greenhouse, Plant Biotechnology Laboratory, Universiti Kebangsaan Malaysia were used. The leaves (3-5 cm) were rinsed under tap water for 2 min followed by surface-sterilization for 2 min in 80% alcohol (v/v) solution. This was followed by 5 min of shaking in 20% Clorox bleach (contained 5% sodium hypochloride and 1% sodium hydroxide) solution with few drops of Tween 20 (Sigma-Aldrich, Missouri, USA). The leaves were subsequently rinsed with steriledistilled water. The leaves were cut transversely into four or five segments (1.0 cm × 1.0 cm) based on the leaf size and cultured on Murashige and Skoog (1962) (MS) medium with 4.44 µM 6-benzylaminopurine (BAP) in combination with 4.52 µM 2,4-dichlorophenoxyacetic acid (2,4-D), 4.14 µM picloram (4-Amino-3,5,6-trichloropicolinic acid) or 4.52 µM dicamba (2-methoxy-3,6-dichlorobenzoic acid), and 4.65 µM kinetin (N-(2-Furylmethyl)-3H-purin-6-amine) in combination with 4.52 µM 2,4-D, 4.14 µM picloram or 4.52 µM dicamba with 88 µM sucrose and 3.0 g/L of gelrite (Duchefa Biochemie, Haarlem, The Netherlands) for callus induction. Chemicals for MS medium, plant growth regulators and sucrose were purchased from Sigma-Aldrich, Missouri, USA. The pH was adjusted to 5.7-5.8 with 0.1 N sodium hydroxide (NaOH) and 0.1 N hydrochloric acid (HCl) before autoclaving at 121 °C for 20 min. Each six treatment combinations consisted of three replicates with four leaves in individual Petri dish for each replicate. All cultures were incubated at 23 ± 2 °C in dark condition. The cultures were observed weekly based on the morphological structures (compact, friable, and spongy) formed. Subcultures were carried out every 4 weeks and final data was taken at 120 days of culture.
Histological analysis
Histological analysis was performed to confirm the morphological features of the friable callus. Histological technique using resin developed by ORSTOM-CIRAD team (Mari et al. 1995) was used. The two types of friable callus obtained were fixed in gluteraldehyde-fomaldehyde-caffein (Sigma-Aldrich, USA) solution (consist of 0.2 M phosphate buffer, 10% parafomaldehyde, 25% gluteraldehyde, 1% caffeine and distilled water) for 1-3 days at room temperature and dehydrated with the ethanol series (v/v) (30, 50, 70, 80, 90, 95, 100%) . This was followed by soaking in 100% butanol for 3 days for better penetration of the resin. Samples were then placed at 4 °C for 3 days in Technovit ® 7100 resin (Kulzer, Wehrheim, Germany) followed by inclusion with the same resin. An automated rotary microtome (Leica Biosystems, Nussloch, Germany) was used to cut the samples to 3-5 µm sections. The sections were then double-stained using the periodic acid/Schiff reaction and naphthol blue black (Sigma-Aldrich, Missouri, USA), then viewed under a light microscope (Carl ZE, Carl Zeiss, Jena, Germany). This double staining allows penetration of the stains to the cell wall, enabling clear observation of the cell arrangement in the sections. Three replicates were done for each type of callus.
Establishment of cell suspension culture
Friable callus (callus that falls apart easily), obtained from medium with 4.44 µM BAP + 4.52 µM 2,4-D were used for cell suspension establishment. The friable callus with 1.0 g fresh weight was transferred into 50 ml MS liquid medium, in a 100 ml size conical flask. Cultures were maintained on an orbital shaker (Protech, Malaysia) at 110 rpm and incubated under a 16 h photoperiod (22.26 µmol m −2 s −1 ), at the temperature of 23 ± 2 °C. Three experiments were carried out to investigate the effects of different combinations of BAP and 2,4-D, types of carbon source and inoculum sizes on cell growth. The effects of BAP and 2,4-D were tested using four different combinations (2.22 µM BAP + 2.26 µM 2,4-D; 2.22 µM BAP + 4.52 µM 2,4-D; 4.44 µM BAP + 2.26 µM 2,4-D; 4.44 µM BAP + 4.52 µM 2,4-D). BAP and 2,4-D were used because these combinations of plant growth regulators produced high percentage of friable callus in the callus induction experiment. The effect of carbon sources was tested using sucrose, glucose, galactose and maltose at 30 g/l each (all carbon sources except sucrose were purchased from Duchefa Biochemie, Haarlem, The Netherlands). The effect of inoculum sizes was tested at 0.5, 1.0 and 1.5 g. Each experiment consisted of three replicates with five flasks per replicate. The medium was replaced with a fresh one every 5 days. All media contained 2.83 µM ascorbic and 2.60 µM citric acid (both from SigmaAldrich, Missouri, USA), and concentration used based on Sundram et al. (2012) to overcome browning of the cultures. The growth of cells was recorded using Settled Cell Volume (SCV) method (Mustafa et al. 2011 ).
Elicitation of friable callus and cell suspension cultures with MeJA and CH
A batch of friable callus was cultured on MS solid medium supplemented with 100 µM methyl jasmonate (MeJA) (Sigma-Aldrich, USA) as an elicitor. Another batch of friable callus was cultured on MS solid medium containing 0.5 g/l of casein hydrolysates (CH) (Duchefa Biochemie, Haarlem, The Netherlands). For the cell suspension culture, 2.0 ml of Settled Cell Volume (SCV) with spent medium of the suspension stock were transferred into each conical flask, containing 50 ml of fresh medium (based on previous experiments with 30 g/l glucose and 2.22 µM BAP + 2.26 µM 2,4-D) and maintained under same conditions for 15 days where the cells were at exponential phase (Wang et al. 2015; Farag et al. 2016) . After which 100 µM MeJA and 0.5 g/l of CH were then added separately to the respective cultures. Cultures consisted of three replicates with five flask per replicate and were kept at 23 ± 2 °C, with a 16 h photoperiod and maintained on an orbital shaker at 110 rpm. Friable callus and suspension cells treated with MeJA were harvested 5 days after elicitation (James et al. 2013; Wang et al. 2015) while friable callus and suspension cells treated with CH were harvested seven days after treatment. The control treatments were cultures not treated with MeJA or CH.
Extraction and chemical analysis of callus and suspension cell extracts
Callus was ground with liquid nitrogen into powdered form while suspension cells were sieved using Whatman filter paper grade 1 (GE Healthcare Life Sciences, Singapore) before grinding them. Both non-treated callus and suspension cells were used as controls. All samples in powdered form were kept in − 80 °C before metabolite extraction on the same day. Extraction of metabolites was done using methanol:chloroform:water (3:1:1) (Cadahia et al. 2015) . Chloroform (200 µL) was used to extract 50 mg (in powdered form) of samples and the extracts were sonicated at room temperature for 15 min. Then, 600 µl of methanol and 200 µl of water were added followed by sonication for 20 min at room temperature. The extracts were then centrifuged at 10,000×g for 10 min and 200 µl of the supernatant were transferred into vials and diluted with 795 µl of methanol and spiked with 5 µL of vanillin (Sigma-Aldrich, Missouri, USA) as internal standard with a total of 1.0 ml of extract. Sample extracts were analyzed using the liquid chromatography-time of flight-mass spectrometry (LC-TOF-MS) platform. Separation was performed on a Reversed-Phase C-18 column (Acclaim™ Polar Advantage II, 3 mm × 150 mm, 3 µm particle size) (Thermo Scientific, Waltham, Massachusetts, USA) on an UltiMate 3000 UHPLC system (Dionex, Idstein, Germany). Gradient elution was performed at 0.4 mL/min and 40 °C using H 2 O + 0.1% Formic Acid (A) and 100% ACN (B) with 22 min total run time. The injection volume of sample was 1.0 µl with three biological replicates and three technical replicates. The gradient started at 5% B (0-3 min); 80% B (3-10 min); 80% B (10-15 min) and 5% B (15-22 min). Eluted compounds were detected using a high-resolution mass spectrometry MicroTOF QIII (Bruker Daltonics, Bremen, Germany) with ESI-positive ionization mode using the following settings: capillary voltage: 4500 V; nebulizer pressure: 1.2 bar; drying gas: 8 l/min at 200 °C and the mass range was at 50-1000 m/z.
Statistical and multivariate analyses
Statistical Analysis Software (SAS, Institute Inc., Cary, NC, USA) was used for the analyses of all data obtained from tissue culture experiments. One-way analysis of variance (ANOVA) was used followed by comparison of means using Duncan's Multiple Range Test (DMRT).
Data from generated LC-TOF-MS files were extracted using Profile Analysis 2.0 (Bruker Daltonic, Germany). Principal component analysis (PCA) was performed using SIMCA-P + 12.0 software (Umetrics, Umea, Sweden) to assess the separation in metabolite composition in response to MeJA and CH treatment. Heatmaps were generated using MetaboAnalyst 3.0 (Xia Lab, McGill, Quebec, Canada) to visualize the metabolite intensities detected and based on ANOVA at P ≤ 0.05. Metabolite identification was done via METLIN (La Jolla, California, USA) database, retention time relative to internal standards, mass spectra and comparison to both the reference literature and phytochemical dictionary of database.
Results
Friable callus induction
Callus was produced from cut ends of young leaves of mangosteen after three weeks of culture. Friable callus was successfully established on 4.44 µM BAP + 4.52 µM 2,4-D (65.00%) and 4.44 µM BAP + 4.14 µM picloram (84.15%) as shown in Table 1 . Combination of BAP + dicamba, kinetin + 2,4-D and kinetin + picloram produced compact and spongy/dusty callus while combinations of kinetin + dicamba only produced spongy/dusty callus. Both friable callus on 4.44 µM BAP + 4.52 µM 2,4-D and 4.44 µM BAP + 4.14 µM picloram were further analyzed histologically to observe the structure or type of cells for each callus. Friable callus on 4.44 µM BAP + 4.52 µM 2,4-D (Fig. 1a ) has isodiametric cells with clearly seen nuclei (Fig. 1b) compared to the friable watery callus on 4.44 µM BAP + 4.14 µM picloram (Fig. 1c) which has non-isodiametric elongated cells with large vacuoles (Fig. 1d) . Therefore, callus on MS medium supplemented with 4.44 µM BAP + 4.52 µM 2,4-D was used as a starting material for cell suspension culture. 
Establishment of cell suspension culture
Cell suspension culture of mangosteen was established in MS liquid medium with the different treatments tested. Figure 2a shows that 2.22 µM BAP + 2.26 µM 2,4-D gave the fastest rate of growth where the exponential growth of cells were recorded on day 25 and reached stationary phase subsequent to day 50. All treatments reached stationary phase with 5.0 mL of yield except for treatments in 2.22 µM BAP + 4.52 µM 2,4-D which produced 3.0 mL of yield. As for carbon sources, the best carbon source for suspension cell growth with significantly different final yield was glucose with 6.0 ml of SCV followed by sucrose (5.0 ml), galactose (4.5 ml) and maltose (3.3 ml) (Fig. 2b) . Initial inoculum size also influenced the final yield of cells. Figure 2c shows the result on the effect of different inoculum sizes. The growth pattern for all inoculum sizes was similar but the yield differed based on the inoculum size. Inoculum size of 1.5 g yielded higher cell volume throughout the culture period. However, on day 45 of culture with 1.5 g of inoculum size, the cells started to decrease.
Metabolite profile of callus
Following chemical analysis of extracts by LC-TOF-MS and the m/z value and retention times of mass-spectrometry spectral data observed in positive ionization mode are presented in Table 2 . A score contribution plot constructed using the first two principal components (PC1 and PC2, explained the total of 60% variance) (Fig. 3a) , and showed that samples were clustered based on metabolites detected in the treatments. The PCA models provided an overall and qualitative visual representation of similarity/dissimilarity between and within the samples (on x-and y-axes respectively). Metabolites from control samples are grouped together and significantly separated from the samples treated with MeJA and CH (Fig. 3a) . As revealed in Fig. 3b , amino acid (glutamine and pyroglutamic acid) were highly significant in this plot. Loading plot results also showed that thiacremonone (alkaloid) levels were found in the MeJA-treated samples. Meanwhile, phenol (phenolic acid) was found at greater levels in the CH-treated samples. Higher levels of a glucosinolate, 7-methylthioheptanaldoxime and 2-iodophenol (phenolic acid) were found in both MeJA and CH treatment. Metabolite intensities in the callus (Fig. 4) , from which the number of metabolites detected was high in control samples compared to samples treated with MeJA and CH.
Metabolite profile of suspension cells
Cell suspension culture was also treated with MeJA treatment for five days and CH treatment for seven days prior to LC-TOF-MS analysis. Chemical constituents of cell suspension extracts treated with MeJA and CH were analyzed via LC-TOF-MS and the m/z value and retention times MS spectral data observed in positive ionization mode are presented in Table 3 .
The multivariate data analysis performed on MS data revealed a significant metabolite separation between control, MeJA and CH samples (Fig. 5a ) with 85% variance on the PCA score plot. As revealed in Fig. 5b , glutamine, L-lysopine and mesaconic acid were found to be significantly high in the control samples. Treatment of MeJA in cell suspension culture triggered the production of thalsimine (alkaloid) and phosphatidyl ethanolamine (fatty acid). Meanwhile, 3ß,6ß-dihydroxynortropane and cis-hinokiresinol levels, both from class of alkaloids were higher in the CH-treated samples. The metabolite intensities detected in suspension cells are demonstrated by the heatmap (Fig. 6 ) from which the number of metabolites detected was high in CH treatments compared to MeJA and control treatments.
Discussion
Induction of callus and establishment of cell suspension culture
Callus induction of mangosteen was carried out previously by Te-chato et al. (1995) , Rohani et al. (2012) and Maadon et al. (2016) , where different types of callus such as embryogenic, compact, friable, nodular and globular were reported. In this study, different plant growth regulators were tested for friable callus formation, as this type of callus is essential for the establishment of a cell suspension culture where in a liquid medium with agitation, the cells disperse to form single cell suspension throughout the liquid medium (Mustafa et al. 2011) . Friable callus induction was highly induced on MS media with BAP + 2,4-D and BAP + picloram. However, the callus induced on medium with BAP + picloram was watery ( Fig. 1c) and had non-isodiametric cells with large vacuoles (Fig. 1d) compared to the callus induced on BAP + 2,4-D (Fig. 1a) where the cells were isodiametric with clearly seen nuclei (Fig. 1b) . Hence, it was shown that the combination of cytokinin and auxin produced high yield of friable callus and this was also reported in plants such as Eurasian tree (Elaeagnus angustifolia) (Zeng et al. 2009 ) and 'Melong kecil' (Hymenocallis littoralis) (Sundarasekar et al. 2012) when combinations of BAP and 2,4-D were used. In the present study, 65% of the explants produced friable callus Watery friable callus produced in this study was not used for cell suspension culture because the elongated cells with large vacuoles were reported to be of low viability (Padua et al. 2014 ).
In the present study, three factors were tested: combinations of BAP and 2,4-D, carbon source and inoculum size. Combinations of different concentration of plant growth regulator play important roles in cell division and enlargement (Ikeuchi et al. 2013) to increase the number of suspension cells. In this study, 2.22 µM BAP + 2.26 µM 2,4-D was found to give the fastest growth of cells compared to the other concentrations. Higher rates of cell growth were found when the cells were cultured in a liquid medium containing high or same concentrations of BAP to 2,4-D whereas much lower rates of cell division occurred in medium containing lower concentration (2.22 µM) of BAP than 2,4-D (4.56 µM). The best combination of BAP with 2,4-D, where the concentration of 2,4-D was the same or lower than BAP concentration were reported in other woody plant species for cell suspension culture, such as piper (Piper solmsianum) (Balbuena et al. 2009 ) and seagrass (Halodule pinifolia) (Subhashini et al. 2014) .
Carbon acts as an energy source and can also be signaling molecules that affect growth, development and metabolism of cultured cells (Murthy and Praveen 2013) . The present study showed that glucose was the best carbon source followed by sucrose, galactose and maltose. Cell suspension culture of Indian madder (Rubia cardifolia) biomass yield produced was high in glucose compared to sucrosecontaining medium (Suzuki et al. 1984) . Glucose is more efficiently utilized form of sugars and had preferential uptake by rudgea (Rudgea jasminoides) cell suspension culture where an increase in the biomass production was observed (Kretzschmar et al. 2007 ). Krishnan et al. (2014) reported that cells treated with glucose showed rapid cell growth which resulted in higher biomass of a type of liverworts (Marchantia linearis) suspension cultures. Glucose also enhanced the growth of mangosteen cells by giving about 17% (1 mL of cells volume) more cells compared to sucrose. Early exponential phase on day 5 was observed when glucose was used, compared to the other carbon sources (day 25) as shown in Fig. 2b .
The present results showed that inoculum size influenced the biomass growth of cell suspension culture. Inoculum size had a positive correlation on the growth of mangosteen suspension cells, with larger inoculum size led to high biomass growth or higher SCV, at 3-4 SCV/mL within 15 days of culture. However, with 1.5 g of inoculum, there was a decrease in growth observed after day 45. Similar growth pattern was observed for cell suspension culture of rose periwinkle (Catharanthus roseus) (Mustafa et al. 2011) and they suggested that the nutrient and carbon sources may have depleted sooner with larger inoculum size. In mangosteen suspension culture, 1.5 g of inoculum in 50 mL medium resulted in optimum level of biomass. Teixeira et al. (1995) also found that 1.5 g was the best inoculum size in 50 mL Fig. 4 Heatmap showing relative abundance of metabolites from callus treated with MeJA and CH. Data means from three biological replicates. Colour scale is relative to the abundance of each compound medium for oil palm cell suspension culture. Meanwhile, Jin et al. (2017) found that 2.0 g was the best inoculum size in 50 mL of culture medium for cell suspension culture of chrysanthemum (Dendrathema indicum). Hence, the inoculum size has to be tested for each species studied as it may vary according to species and culture conditions used.
Metabolite profiles of callus and suspension cells
Plant cell cultures are able to accumulate secondary metabolites in low quantities but the accumulation could be further enhanced by elicitation (Gandi et al. 2012) . Secondary metabolites are produced intracellularly in plant cells (Chattopadhyay et al. 2002) . In the present study, only intracellular metabolites were studied, as intracellular metabolite concentration is usually much higher than the extracellular one (Villas-Boas 2007) . Indeed, in this study, there were several primary and secondary metabolites found even in non-treated cultures, which were not treated with either MeJA or CH. Identified metabolites belonged to various compound classes (Tables 2, 3 ) including amino acids, phenolic acids, alkaloids, flavonoids, fatty acids and triterpenes. MeJA was introduced as a stress to the cells for the release of secondary metabolites due to a self-defence response (Giri and Zaheer 2016) , while CH was introduced as an organic supplement for the cells which interestingly in the present study, produced 16 secondary metabolites more compared to cells treated with MeJA. An elicitor such as MeJA acts in the cell plasma membrane where the elicitor-binding site induced reactions as defense response (Ramirez-Estrada et al. 2016) , and in doing so the cells produce secondary metabolites. In a related research, it was noted that MeJA increased the production of anthraquinones and phenolic acids in Fallopia multiflora (Polygonum multiflorum) cell suspension culture (Thiruvengadam et al. 2016) . Similar mechanism probably occurred in the callus and cell culture of mangosteen where MeJA stimulated the production of secondary metabolites. MeJA was also found to be effective in increasing the production of alkaloid yield of rose periwinkle (Catharanthus roseus) (Tonk et al. 2017 ) and fatty acids in coral tree (Erythrina lysistemon) (Farag et al. 2016) .
Adding organic supplements is another approach to increase the yield of secondary metabolites in plant cell culture systems, as shown in antitoothache plant (Spilanthes acmella) suspension cells (Abyari et al. 2016) . In the present study, CH was added to stimulate secondary metabolite production in callus and suspension cells. CH is produced by enzymatic or acid hydrolysis of casein, digested with hydrochloric acid and consisting of a mixture of amino acids and peptides (Abyari et al. 2016) . CH is usually added to media as it acts as a good organic substrate and is suitable for micropropagation and secondary metabolite production (Kayser and Quax 2008) .
CH stimulated the production of terpenoids, alkaloids and fatty acids in callus and cell suspension culture of mangosteen. Phenolic acid p-(3,4-dihydro-6-methoxy-2-naphthyl) phenol found in callus is a metabolite from a group of plant phenolics. CH was reported to increase the production of phenolics in callus culture of Ephedra alata also known as perennial tough shrub (Hegazi and El-Lamey 2012) . The 3ß,6ß-dihydroxynortropane which belongs to the alkaloid group was found in suspension cells in this study. The production of alkaloid was reported to be high in suspension cells of coniferous tree (Taxus spp.) (Wu et al. 2001 ) and wild rue (Peganum harmala L.) (Ebrahimi and Zarinpanjeh 2015) when treated with CH. The production of secondary metabolites in suspension cells treated with CH was higher than those treated with MeJA due to its sterols or amino acid content which might have stimulated the secondary metabolite production as suggested by Abyari et al. (2016) .
In the present study, three types of triterpenes (a class of lipids from isoprene moieties) were detected in suspension cells treated with CH, namely schidigerasaponin B1, schidigerasaponin F1 and talinumoside 1. Previous study also found that, the addition of CH could stimulate production of terpenes such as saponin in ginseng (Panax ginseng) (Wu et al. 2005 ) and artemisin in sweet wormword (Artemisia annua) (Woerdenbag et al. 1993) .
In general, the number of secondary metabolite production in callus treated with MeJA or CH was low (21 significant metabolites) compared to that of suspension cells, which produced 34 significant metabolites. This might be due to the condition of cells where the callus was not agitated on the agar medium compared to suspension cells in the liquid medium where agitation was involved. Agitation promotes better growth by enhancing the transfer of nutrients or stresses from the liquid to the cells and adequate mixing occurs for the production of certain or specific metabolites (Murthy et al. 2014) . Since the suspension cells were continuously grown in culture, even in the non-treated cell cultures, dynamic metabolite profiles were exhibited as shown in the present study where not only the primary metabolites were produced but also secondary metabolites. Alkaloids such as koenigine and flavonoids such as 7-methoxyisoflavone were detected in the non-treated suspension cells.
The results obtained in this study showed that it was possible to induce friable callus and suspension cell culture from mangosteen young leaves. MeJA and CH were shown to trigger differential changes in the metabolome of mangosteen callus and suspension cells, leading to the biosynthesis of a broad range of metabolites, some of which are of significant potential. This research was the first attempt on metabolite profiling of mangosteen callus and suspension cells based on the application of an elicitor (MeJA) and an organic supplement (CH). The groups of identified compounds could serve as a basis in the search of novel or important bioactive compounds. This work demonstrates the possibility of producing desired metabolites from in vitro cultures for pharmaceutical and nutraceutical industries. 
